ColE1 derivative plasmids were constructed in which the natural promoter that primes replication or, in addition, the region coding for the RNA I control element had been deleted. In all of these molecules priming of the origin was effected by read-through transcription from constitutive or inducible (lacUV5) promoters inserted farther upstream.
INTRODUCTION
At least three elements control replication of colE1-type plasmids. The RNA primer, the small RNA I and the protein product of the rop gene are coded by and act within a 1300 base pair region around the origin of DNA synthesis
• The interaction between RNA I and the primer is believed to control replication and determine plasmid copy number. The rop gene product acts either as a mediator of this interaction or as a repressor of the primer promoter .
In the absence of read-through transcription the primer promoter is essential for DNA replication , although in primer promoter deletions, the origin can presumably be primed by promoters located farther upstream . In the experiments described here, the primer promoter was substituted with other constitutive or inducible (lacUV5)
promoters.
In the latter case, the plasmid copy number could be adjusted and maintained at the desired level over a five hundred fold range.
MATERIALS AND METHODS
All standard recombinant DNA and sequencing techniques used in these 5,6 studies have been described previously E.coll W3110 (i q L8) which produces ten times more lac repressor and K. Hardy. E.coli MC1061 (a lac I host) was provided by M. Casadaban.
E.coli MO has been used in previous studies .
pJW39 was the source of a 99bp EcoRI-BamHI restriction fragment containing the lacUVS promoter (T. Kovacic, personal communication).
pCP49 is a colE1-type plasmid conferring resistance to kanamycin (Panayotatos S Truong, unpublished).
RESULTS AND DISCUSSION
Deletion of the colE1 primer promoter A colEI-type plasmid (pCP25) conferring resistance to ampicillin and expressing human interferon a2 was constructed and characterized using standard techniques (Panayotatos and Fontaine, unpublished) . pCP25
consists of the pBR322 sequence between positions 3,102 and 4,359 coding g for (J-lactamase followed clockwise by a 259bp Alu I restriction fragment containing the RNA I promoter of colEI , a 112bp EcoRI-Sal I restriction fragment containing a ribosome binding site from bacteriophage T7 , 720bp of a human chromosomal sequence coding for interferon a2 , 1415bp of the pBR322 sequence between the Sal I and Pvu II sites, and a 1974bp Pvu II 4 restriction fragment from pVH51 containing the RNA I-primer-origin (but not the rop gene) region of colEI.
In an attempt to raise high copy number mutants, pCP25 in E.coli MO was plated on 20 mg/ml methicillin-L broth-agar. Wavy arrows indicate the positions of RNA transcripts.
Most of the rop gene to the right of the Pvu II Bite is missing from all derivative plaamids. In pRN11, the DNA immediately to the left of RNA I including the primer promoter was deleted. Priming of the origin is effected through a second copy of the P promoter inserted in the opposite orientation upstream of the interferon ot2 gene.
In pRN16, the colEI sequence to the left of position -386 from the origin including the RNA I_ promoter, the RNA I region and the primer promoter was removed with Bal31 . In the process, the interferon a2 gene and most of the T7 fragment were also deleted bringing the P ] . promoter 805bp closer to the origin. The straight arrows indicate the remaining palindromic sequences due to the presence of the second copy of the P promoter which still primes the origin. In pLA51, the lacUV5 promoter replaces the P x present in pRN16.
of interferon a2.
Since the p-lactamase promoter points away from the origin, the only known promoter that could prime replication is the second copy of Pj ( Figure 1 ). Digest of pRN11 with EcoRI which cleaves at two sites located 259bp apart spanning Pj, followed by ligation and transformation failed to produce any plasmids lacking P . This result indicated that P-, is indeed serving the dual function of priming the origin and expressing the interferon ot2 gene. In fact, the interferon levels expressed from pRN11 were found to be one hundred times higher than pCP25
(approximately 10% of total cellular protein). Such a hundredfold increase in expression in response to a five-tenfold increase in plasmid copy number has been observed with another copy control mutant plasmid Plasmids were isolated, digested with Pvu I and subjected to electrophoresis as described in the legend to Figure 4 . Aliquots of the undigested plasmids were loaded in the same order on lanes 5-8. The sizes of the linearized plasmids in base pairs are shown on the left. Under the conditions of these experiments the copy number of pCP25 is similar to pBR322.
Deletion of the RNA I coding region
In pRN11 the deletion of colE1 DNA includes most of the primer promoter sequence but ends 13bp downstream of the sequence coding for RNA I ( Figure   1 ). Since the promoter and the sequence coding for RNA I remain intact, it is possible that RNA I can still interact with its complementary sequence on the read-through primer to limit copy number.
To eliminate this possibility, pRN11 was cleaved at the two Bgl II sites inside the a2 gene , treated with Bal31 nuclease and ligated to produce several deletion derivative plasmids. In one of them (pRN16), it was determined by restriction mapping and DNA sequencing that this treatment had removed 625bp including all of the o2 gene with part of the upstream ribosome binding site from phage T7, and 180bp of colE1 DNA which includes all of the RNA I coding sequence and most of the promoter ( Figure 1 ). As a result of this extensive deletion, the copy number of pRN16 increased to a level fourfold higher than pRN11 (Figure 2 ). Thus, it appears that in pRN11 the small RNA I probably interacts with the read-through transcript to limit the copy number. Other factors, however, such as the length of the primer which is 805bp shorter in pRN16 may account for the increase in copy number. ) cella harbouring pLA51 alone or together with pCP49 as an internal control were shaken at 37°C in 5ml L-broth, 0.2 mM IPTG, 40|jg/ml ampicillin (and 20(ig/ml kanamycin for pCP49) to early exponential phase. One tenth milliliter of these cultures was used to inoculate 10 ml L-broth containing 0.0, 0.02, 0.06, 0.20 and 0.60mM IPTG for pLA51 alone (lanes 4-8), and 0.0, 0.02, 0.06, 0.30 and 1.50 mM IPTG (lanes 9-13 respectively) for cells harbouring pLA51 plus pCP49. After growing for ten generations in the absence of antibiotics, the f«11 In were harvested, and plasmid DNA was purified by a quick lysis procedure . After digestion with Pvu I plus Sal I, identical aliquots of the linearized plasmids were loaded on a 1% agarose horizontal electrophoresis gel. Size-marker DNA was loaded on lanes 1 and 14. For comparison, a plasmid with the same copy number as pBR322 was prepared in the same manner and an aliquot was digested with Pvu I plus Sal I and loaded on lane 2. pLA51 was also prepared in parallel from a lad host (MC1061) and loaded on lane 3 after digestion with Pvu I.
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indicated that in pLA51 the lacUV5 promoter activity is mandatory for plasnid replication but did not provide any information as to whether the frequency of the priming event was, in fact, determining plasmid copy number.
Conceivably, constitutive synthesis from lacUV5 could be generating an excess of primer. In that case, a subsequent event might be limiting the rate of replication and, ultimately, plasmid copy number.
In order to test these alternatives, pLA51 was isolated quantitatively from E.coli W3110(i 
